Mab21 homolog in Caenorhabditis elegans is expressed in the sensory ray cells and determines the ray identity (Dev. Dyn. 221 (2001) 422). Similarly, vertebrate homologs of this gene have been shown to express in the craniofacial tissues, limb bud and neural tissues. We report here the cloning and expression analysis of two zebrafish mab21 genes. Both genes have a conserved open reading frame of 1080 nucleotides. Phylogenetic analysis suggested that the two family subgroups existed prior to the divergence of vertebrates. Their expression profiles revealed that mab21l1 was turned on in embryos as early as 8 h post-fertilization (hpf) while mab21l2 was first detected at around 11 hpf. In situ hybridization results showed that expression of these mab21 genes marked the early differentiating olfactory bulbs, eye primordia, midbrain and subsequently the branchial pouches and neural tube. q
Results and discussion

Cloning of zebrafish mab21 genes
A partial mab21l1 cDNA, ai942741, was obtained from Genome Systems Inc. A putative complete cDNA with the entire open reading frame was obtained afterwards by 5 0 -RACE (rapid amplification of cDNA ends). mab21l2 gene was first isolated from a zebrafish PAC library with the mouse Mab21l2 probe, while the cDNA clone was obtained by subsequent library screening with this genomic fragment. Both mab21l1 and mab21l2 consist of 359 amino acids and share 92.5% similarity. Protein sequence alignment with all known Mab21 family members reveals that while the vertebrate Mab21s are distantly related to the invertebrate ones, they cluster into two distinct groups, Mab21l1 and Mab21l2, with higher than 96% similarity within each group (Fig. 1) . The results argue that the ancestral vertebrate Mab21 gene had duplicated prior to the vertebrate divergence. While the two Drosophila mab21 genes do not fit into the existing categorization of vertebrate l1 or l2 class, they may represent an independent gene duplication event occurred in the invertebrates.
Onset of mab21 expression
We examined the temporal mab21 expression during teleost embryogenesis by reverse transcriptase-polymerase chain reaction (RT-PCR) with total RNA samples from embryos of different embryonic stages. The results are shown in Fig. 2 . mab21l1 expression was first detected as early as 8 h post-fertilization (hpf) at very low level. The expression was obvious in 11 hpf embryos. By 24 hpf, the transcript level had increased by at least 5-fold, and it remained high through 48 hpf. In contrast, onset of mab21l2 expression was first detected at 11 hpf. Its level tripled from 11 hpf to 48 hpf and was consistently 2-fold or more higher than that of mab21l1 at these stages. By RT-PCR, neither l1 nor l2 expression was detected for oocytes (data not shown) or 1 hpf embryos, hence excluding the possibility of maternal deposit of any mab21 transcript and the role of mab21 genes in early embryogenesis.
Spatial and temporal expression pattern of mab21 genes
The spatial expression profile of the two mab21 genes was determined by whole-mount in situ hybridization (Fig. 3) . Although mab21l1 was detected at 8 hpf by RT-PCR, its expression pattern was not visible until 14 hpf where staining was found in the midbrain and faintly around the optic primordia ( (02)00012-6 www.elsevier.com/locate/modo around the eyes became gradually more intense with welldefined border at the retinal epithelial layer by 24 hpf . Two spots marking the olfactory bulbs had also become discernible at this time arrows) . This feature appeared unique to zebrafish mab21l1 since no mab21l2 expression was observed in the same tissue (Fig.  3L) . Neither was the olfactory expression observed in any mab21 orthologs in other vertebrate (Mariani et al., 1998; Wong et al., 1999) . Expression at the branchial pouches and the neural tube as two stripes on the dorsal side along the body could also be seen (Fig. 3D, arrowhead) . By 48 hpf, expression signal at the midbrain, branchial pouches and the neural tube was down-regulated to a very low level, while the staining at the eyes was undetectable (Fig. 3F) .
No signal could be detected for mab21l2 up to late gastrula (Fig. 3G) . Staining of the midbrain and optic primordia at equal intensity was first noted as segmentation started (Fig.  3H , arrow and arrowheads). The signal became more distinct by 14 hpf (Fig. 3I) . Staining remained strong when the two optic primordia migrated laterally apart between 11 hpf and 16 hpf (Fig. 3H,J, arrowheads) . By 18 hpf, detailed features of the eyes had developed and mab21l2 expression was detected in the oblongated retinal epithelium (Fig. 3K) . A general decrease of expression in the differentiating eyes was observed from 22 to 35 hpf (Fig. 3L,M) . By 42-45 hpf, only a weak signal was detected at the edge of the lens (Fig. 3N , double arrowhead and Fig. 4A,B) . Thus, unlike their murine counterparts, neither mab21l1 nor mab21l2 was expressed in the lens. This observation suggests that the functional role of these two paralogs in eye formation may differ significantly in the two animal models. Two broken lines of staining residing bilaterally along the embryonic anterior-posterior axis appeared at 18 hpf within the neural tube (Fig. 3K, arrowheads) . They became more distinct as development progressed from 22 to 48 hpf (Fig. 3L,O, arrowheads) . This neural tube signal was confirmed to be at the lateral region in cryosections (Fig.  4C,D) . Branchial pouches first showed mab21l2 expression at around 22 hpf (Fig. 3L) . Thereafter, the signal was sustained at a high level in all stages from 35 to 48 hpf (Fig. 3M-O) .
It was also interesting to note that no expression was observed for either one of the two mab21s in the fin field from 24 hpf onwards and later at fin bud (Kimmel et al., 1995) . Although mouse Mab21l1 and Mab21l2 are expressed at the limb bud at the onset of its formation and particularly in the interdigital region as differentiation progresses (Wong et al., 1999) , the current observation suggests that mab21s have no involvement in the appendage formation process.
In summary, the expression profile of mab21 genes in the neural or neural-crest-derived tissues is consistent with the presumptive role of these genes in neural differentiation. The higher expression level of mab21l2 in contrast to that of mab21l1 in most overlapping domains suggests that mab21l2 may play a more important role although they may share redundant functions. On the other hand, should they have unique contribution to a developmental process, their biological specificity must be dictated by the limited difference in their amino acid sequences, the requirement of which awaits more detailed analysis.
Materials and methods
Molecular biology experiments were all conducted as described (Sambrook et al., 1989) . In RT-PCR experiments, embryos of 1, 8, 11, 24 and 48 hpf stages were first dechorionated with pronase (Westerfield, 1994) . Five micrograms of total RNA was first tailed with oligo(dT) followed by amplification with mab21l1-specific primers 5 0 -CGACTG- Fig. 1 . Phylogenetic relationship among Mab21 members based on their protein sequences: C. elegans mab-21 (U19861), C. briggsae mab-21 (AF299247), Drosophila mab-21a (AAF24503) and mab-21b (AAD38642), human MAB21L1 (U38810) and MAB21L2 (AF155219), mouse Mab21l1 (AF040945) and Mab21l2 (AAD39141), chicken MAB21L1 (AY049705) and MAB21L2 (AY049704), Xenopus Xmab21l2 (AF240183), zebrafish mab21l1 (AY048747) and mab21l2 (AY048748). (Dick et al., 1999) . Their identities were verified by hybridization with l1 and l2 specific probes.
In situ hybridization was performed as described by Wilkinson (1992) . In general, embryos were hybridized with mab21l1 and mab21l2 specific RNA probes derived from the corresponding cDNAs and the color signal was developed for 3 h. For embryos older than 24 hpf, mab21l1 staining took 12-15 h to obtain a signal of similar intensity and resolution as that of mab21l2. Stained embryos were infiltrated overnight with 30% sucrose at 4 8C before being mounted in OCT (Leica) and sectioned at 40 mm thickness with cryostat (Leica) at 220 8C. Fig. 3 . Expression patterns of mab21l1 and mab21l2. A 10 hpf embryo with no mab21l1 expression (A); mab21l1 staining was observed at midbrain and optic primordia around 14 hpf (B) and at branchial pouches (C,D), midbrain, optic primordia, neural tube (D) and olfactory bulbs (C-E) at 24 hpf. Lower level of mab21l1 expression was observed in a 48 hpf embryo (F). mab21l2 was not detected at 10 hpf (G); expression at the optic primordia and midbrain was observed at 11 hpf (H), and intensified in 14 hpf (I), 16 hpf (J) and 18 hpf (K). mab21l2 expression at the midbrain and eyes was down-regulated in embryos at 22 hpf when signal at the branchial pouches was first noted and the neural tube staining was well defined (L). Staining at the branchial pouches was displayed in a 35 hpf embryo (M). By 45 hpf, eye expression was confined to the edge of lens (N) whereas signal at the branchial pouches was noticeably increased from 45 to 48 hpf (N,O). All panels have the anterior to the left. (D,F,H,J,L,M,O) are dorsal views. Scale bars: 1 mm for all panels, except (E) (100 mm). Arrow, midbrain; arrowhead, optic primordium; white arrow, olfactory bulb; white arrowhead, neural tube; asterisk, branchial pouch; double white arrowhead, edge of lens; E, eye; MB, midbrain.
